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Abstract 

We consider the bounds for the values of higgs mass Mh and of 
the mass of the extra quarks and leptons Mextra derived from the 
stabihty of vacuum and from the absence of Landau pole in Higgs 
potential. We find that in the case of the absence of new physics up 
to the GUT scale the bounds for the mass of the 4th generation are 
so restrictive that the negative result of CDF search for extra quarks 
closes the window for fourth generation. In the case of the absence of 
new physics up to 10^ GeV we get weaker but still nontrivial bounds 
on Mh and Mextra as well. 
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With the discovery of the top quark at FNAL colhder [|I| the third fermion 
generation is completed now and the question naturally arises: whether there 
exist more generations in nature (fourth, fifth and so on). Below we suppose 
that extra generations do exist. The severe bound on extra neutrinos ob- 
tained at LEPl demonstrates that a new neutral lepton should be heavy, 
Mtv > Mzjl = 45 GeV. Another bound on the spectrum of new fermions 
come from precision measurements of and Z-boson properties. Since the 
value of Mtop from direct measurements nicely coincides with that obtained 
from analyzing precision data [3, then the masses of weak isopartners (T 
and B, E and A^) should be almost degenerate. In the opposite case their 
contributions to loops will be enhanced by the factor ~ M|. — and will 
destroy a successful description of the precision data by the electroweak ra- 
diatively corrected formulas. On the other hand, the existence of the fourth 
generation with degenerate masses of quarks and leptons do not disturb a 
successful description of the data even for a very light extra generation with 
M4 = 50 GeV 1^ . The absence of decoupling in the electroweak theory leads 
to a finite contribution to Z-boson parameters even for an infinitely massive 
fourth generation, however experimental accuracy is not enough to exclude 
the existence of extra generations. Taking into account this comment and in 
order to simplify the problem by maximal diminishing the number of param- 
eters we will consider the fourth generation of leptons and quarks with the 
degenerate mass M4. When we discuss more than one extra generation we 
will assume that all masses of new generations are degenerate. From LEPl 
data we know, that M4 > Mz/2 = 45 GeV. If new quarks are substantially 
mixed with the known light quarks then their mass can be effectively bounded 
by CDF and DO searches for top quark since decays B — > cW, T — ^ bW are 
analogous to t ^ bW decay. So we can estimate that the mass of such a 
new generation should be larger than, say, 150 GeV. The other possibility 
is that the fourth generation quarks are not mixed with the known quarks. 
To avoid the bounds for existence on the Earth of the absolutely stable new 
particles produced at the time of Big Bang we should propose that the new 
quarks are mixed with the light ones. However, the mixing angles are so 
small that the new particles leave FNAL detectors without decays. These, 
so to say, "decoupled" extra generation particles should be heavier than 45 
GeV in order to satisfy LEP direct search bounds. In a dedicated analysis 
[|] CDF ruled out the existence of stable, pair-produced colour triplets with 
masses 50GeV < m < 139 GeV at 95% c.l. Our results demonstrate that 



1 



under this condition the existence of new generation will inevitably lead to 
appearence of new physics at a scale below 10^° GeV. 

Armed with the knowledge of experimental lower bounds on the masses 
of new fermions we will now get theoretical upper bounds on their masses. 
The point is that such heavy fermions will greatly deform the Higgs boson 
potential through radiative corrections 0,0- With the account of radia- 
tive corrections the renormalization group improved Higgs boson potential is 
usually presented in such a form [|]: 

V{^) = -i/.^(t)G^(t)$^ + \x{t)G\m' , (1) 

where t = ln($/?7) , rj = 246 GeV and G{t) is determined by anomalous 
dimension of field $. For $ ~ r/ the initial values of /i and A govern V{^) 
behavior while for $ ^ r/ the radiative corrections become essential. Higgs 
boson mass is defined as a second derivative of the potential at minimum. 
Crucial for the selfconsistency of the theory is the X{t) behavior. If X{t) 
becomes negative at some value $o ^ then the V{^) minimum at $ = 
becomes unstable and the experimental value of Fermi coupling constant Gp 
cannot be obtained. On the other hand, to avoid strong interactions in Higgs 
sector we demand the absence of Landau pole up to some large value <l>o- So 
the restriction is: < A(t) < oo up to the scale A at which new physics 
begins. In order to get X{t) behavior one needs the renormalization group 
equations which determine the behavior of A, Yukawa coupling constants of 
t-quark and new quarks and leptons with Higgs doublet and gauge coupling 
constants. These equations can be found in literature [05 0- Let us present 
here the renormalization group equation for the running value X{t) in a theory 
with generations of heavy fermions with the degenerate masses 

+ 3N{g'^ + g%) + N{g% + g%)\ - 

where g and g' are SU(2) and U(l) coupling constants and constants gi 
determine the masses of the corresponding fermions by the following formula: 

^Similar problem for = 1 was considered in However, our numerical results differ 
since in Q fourth neutrino was massless, and Mto-p was considered as a free parameter. 
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Figure 1: Allowed values of Mh and M4 lie between two curves: a. solid for 
A = 10^ GeV; b. thin dotted for A = 10^° GeV; c. thick sohd for A = 10^^ 
GeV; d. thick dotted for A = 10^^ GeV. 

j^, _ ff'W'? ^ gt{0) = 1.035 corresponding to Mt = 180 GeV. Performing 
calculations we add to equation (0) the renormgroup equations for g, g', SU(3) 
coupling constant gs and gi and numerically integrate the system of the 
coupled differential equations. (Details will be published later). Results of 
the calculations for the case of one heavy generation are presented in Fig. 1. 

If the value of M4 is small, then we approximately get the allowed interval 
of the values of Mh for Mt = 180 GeV in the Standard Model, well-known 
from literature. For all values of ultraviolet cutoff A the low lines which 
represent A = stability bound go up with growing M4. The physical reason 
for such behavior is clear - the third term in equation becomes larger and 
a heavier Higgs is required to get a positive potential for heavier fermions. 
The upper lines which represent Landau pole bound are governed by the first 
term in and are almost constant for A > 10^° GeV. However, for A = 10^ 
GeV new phenomena occur - the second term in (0) becomes essential and 
an upper curve goes down for increasing M4. So the allowed interval of M4 
values shrinks. 
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Figure 2: Allowed values of Mh and M4 for 1 and 3 extra generations for 
A = 10^ GeV. 

We see that a heavy generation can exist only if new physics starts below 
10^° GeV. The mass of this generation should be smaller than 220 GeV while 
the possible values of Mh vary between 150 and 300 GeV if A = 10^ GeV. 

The introduction of the additional heavy generations will restrict the 
allowed values of M^xtra and Mniggs (Fig. 2 - Fig. 4 ). For example, for 

= 3 and A = 100 TeV only M^^tra < 140 GeV is allowed (see Fig. 2). 

We should notice that the precise electroweak measurements can hardly 
allow 3 extra generations while one extra generation cannot be excluded [0], 

0. Further predictions of the Higgs boson and extra generation masses are 
possible with the help of multiple criticality principle, which correspond to 
the degenerate minima of Higgs potential at rj and Mpi |T^. We find that 
for Mt = 180 GeV this principle forbids the existence of fourth generation, 

1. e. there are no such values of Mh and M4 that at A = 10^^ GeV effective 
one loop potential has degenerate minima. 

In our analysis we use the one-loop renormalization group improved po- 
tential. The shift of numbers obtained due to second loop should not be very 
large, see e.g. Altarelli, Isidori, where it is shown that for the case of 
the standard model with 3 quark-lepton generations a lower bound on Higgs 
mass is shifted by the second loop 10 GeV down. 
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